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Metallic nanostructures are essential to many applications in photonics, including biosensing1, spectroscopy2, 3, nanolas-
ing4, all-optical switching5, nonlinear optical processes6, and metasurface technologies7–9. These plasmonic elements
form flexible components with geometry-dependent responses and have many desirable properties, such as the possi-
bility to confine light to sub-wavelength scales, and large local-field enhancements9, 10. Metals also possess intrinsic
nonlinear optical constants that are many orders of magnitude larger than dielectric materials11. Combined, these
features hold promise for the realization of ultra-thin sub-wavelength devices, reducing power operating thresholds
and enabling nonlinear functionality in metasurfaces. However, this promise is substantially undercut by absorption
introduced by resistive losses, causing the metasurface community to turn away from metal nanostructures in favour of
alternative material platforms (e.g., dielectrics12–14) that have much less field enhancement, but more tolerable losses.
In this Letter, we refute this long-held assumption by designing and experimentally demonstrating of a metasurface
based on gold meta-atoms with a quality-factor (Q-factor) of 2340 in the telecommunication C band. This value exceeds
the record for plasmonic metasurfaces by an order of magnitude15, 16, and is among the highest reported in a metasur-
face. We obtain this sharp a resonance by exploiting surface lattice resonances (SLRs) that are aided by the proper
choice of nanostructure geometry, large array sizes, and the use of a collimated coherent light source. Our platform
combines the aforementioned benefits of metals with long interaction times provided by high Q-factors. Additionally,
we show that SLRs retain many of the same benefits as localized plasmonic resonances, such as field enhancement
and strong confinement of light along the metal surface. Our results demonstrate that SLRs provide an exciting and
unexplored method to tailor incident light fields, and could pave the way to flexible wavelength-scale devices for any
optical resonating application.
The core building blocks of plasmonic metasurfaces are metal nanostructures of sub-wavelength dimension8, 9, 17. On their
own, individual nanostructures exhibit localized surface plasmon resonances (LSPRs), where electromagnetic fields couple to
the free-electron plasma of a conductor at a metal-dielectric interface6, 10. Depending on its shape, an individual nanoparticle
may be polarized by an incident light beam, acting as a lossy dipole antenna18 and trapping light for a short period of time.In
contrast to other photonic resonant devices such as whispering gallery mode resonators, microring resonators or photonic
crystals19–21, resonating dipoles in a metasurface can easily be accessed by a beam propagating in free space, and require only a
sub-wavelength propagation region for operation. Therefore, a plasmonic metasurface resonator enables a series of specialized
optical responses, including phase-matching-free nonlinear optical effects, strongly localized field enhancements, multi-mode
operation, and a spatially localized optical response. Such a metasurface with a large Q-factor could be used as a cavity for
applications that need increased light-matter interactions, small mode volumes, large field enhancements and large optical
nonlinearities, such as an ultra-flat nano-laser with a large transverse mode size4, 22 or frequency conversion applications (e.g.,
nonlinear harmonic generation23, or THz-wave generation24).One frequently cited limitation of LSPR-based metasurfaces are
their low Q-factors (e.g., Q < 10) due to the intrinsic Ohmic losses present in metals at optical frequencies10, 12–14. As the
Q-factor is related to the light-matter interaction time as well as to enhancements to the electric field, it is typically desirable to
maximize this quantity19. Low Q-factors therefore make many potential applications of plasmonics-based metasurface devices
impractical, and new methods for obtaining large Q-factor resonances in a metasurface have long been sought after.
The optical response of coupled plasmonic nanoresonators has been a topic of intense study25. Notably, plasmonic
metasurfaces of large periodically arranged nanostructures support collective resonances called surface lattice resonances
(SLRs)15, 26–29.Here, the individual responses from the surface plasmons of many individual nanostructures form a collective
response that couples to in-plane diffraction orders of the periodic array26, 27. As a consequence, a relatively high-Q resonance
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Fig. 1 | High-Q metasurface nanocavities using arrays of plasmonic nanostructures. a, Schematic of the metasurface
consisting of a rectangular array of rectangular gold nanostructures. Here, Lx = 130 nm, Ly = 200 nm, t = 20 nm,
Px = 500 nm, and Py = 1060 nm. The blue shaded regions illustrate the electric field, reproducing the mode structure in the
inset of (b). b, Numerical (FDTD) calculations of the transmission spectrum of this metasurface for x-polarized light. Both the
LSPR and the SLR are observed in these results. Inset, The simulated magnitude of the electric field |E| for the entire unit cell
of both LSPR and SLR modes. The colorbar indicates the relative magnitude when normalized to the incident plane wave.
c, Zoomed plot of the highlighted region in (b), exhibiting the narrow linewidth SLR. d, Helium ion microscope image of the
fabricated metasurface prior to cladding deposition. e, Measured transmission spectrum (black dots) and fits to semi-analytic
calculations (LSA, red line). f, Zoomed plot of the highlighted region in (e). Fitting the measurement to a Lorentzian function
yields a linewidth of ∆λ = 0.66 nm, corresponding to Q= 2340 (see Sec. S2: Q-factor extraction).
can emerge at an optical wavelength λSLR ≈ nP, close to the product of the refractive index of the background medium n and
the lattice period P 26, 29. Recent theoretical studies of this platform have predicted Q-factors on the order of 103 by properly
engineering the dimensions of the individual nanostructures and the period of the lattice28–30. However, to date, the highest
experimentally observed Q-factor in an SLR-based metasurface is 32016. The disparity between theory and experiment has so
far been attributed to fabrication imperfections27, 28, or to the addition of an adhesion layer16.
Inspired by this discrepancy, we have performed a detailed investigation to determine the three mitigating factors that most
drastically affect the observed Q of an SLR-based metasurface: the nanostructure geometry, the array size, and the spatial
coherence of the probing light source. Using the results of this study, we demonstrate a plasmonic metasurface capable of
supporting high-Q SLRs, approaching theoretical predictions. The metasurface in consideration consists of a rectangular array of
rectangular gold nanostructures embedded in a homogeneous glass environment (Fig. 1a). The overcladding is carefully matched
to the substrate material to ensure a symmetric cladding index, as it has been shown that the Q of an SLR may be affected by
the homogeneity of the environment4, 26. As shown by the numerical predictions in Figs. 1b – c, for an x-polarized beam, this
metasurface is expected to support an LSPR at λLSPR = 830 nm and an SLR around λSLR = 1550 nm. The SLR linewidth is
substantially narrower than that of the LSPR, corresponding to a much higher Q-factor. Incidentally, the inset field profiles in
Fig. 1b also reveal that the SLR provides a more significant field enhancement, with |Emax(λSLR)| ∼ 3|Emax(λLSPR)|. Figure 1d
shows an image of the fabricated device with dimensions matching those of the simulations. The measured transmission spectra
are presented in Figs. 1e – f, closely matching the predicted spectrum. Notably, the full width at half-maximum of the linewidth
is only ∆λ = 0.66 nm, corresponding to a record-high quality factor of Q= 2340. This value is roughly within a factor of two
of semi-analytic calculations performed using the Lattice Sum Approach (LSA), where Q∼ 5000 (see Methods for details). In
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order to observe this value for the Q-factor, both the metasurface and the measurement apparatus needed to be arranged with a
few considerations in mind which we describe in greater detail below.
First, the individual structures need to be engineered to exhibit the appropriate response at λSLR. The optical response of a
nanostructure can be approximated using the polarizability of a Lorentzian dipole,
α(ω) =
A0
ω−ω0+ iγ , (1)
where A0 is proportional to the oscillator strength, ω0 = 2pic/λLSPR corresponds to the nanoparticle resonance frequency, and γ
is the damping term. These quantities all depend on the particle geometry17 (here, the length Ly and width Lx of a rectangular
bar). The contribution of the particle lattice to the polarizability can be introduced using the lattice-sum approach4, 6:
α∗(ω) =
α(ω)
1− ε0α(ω)S(ω) , (2)
where α∗(ω) is known as the effective polarizability of the entire metasurface, and S(ω) corresponds to the lattice sum. This
latter term depends only on the arrangement of the lattice. An SLR appears approximately where S(ω) exhibits a pole, at
ωSLR = (2pic/λSLR). At this spectral location, the individual responses of all of the nanostructures contribute cooperatively6.
Equation (2) may be used to predict the optical response of the entire metasurface, including the behaviour of its many
resonances, as a function of the geometry of its nanostructures (see Methods): by changing the geometry of a nanostructure17,
its individual resonance wavelength λLSPR, oscillator strength A0, and damping constant γ are all modified. In turn, adjusting
these values changes the polarizability of the nanostructures throughout the spectrum, including at the surface lattice resonance
wavelength α(ωSLR), and therefore also the response of the entire metasurface at this wavelength α∗(ωSLR). By contrast, the
spectral location of the SLR wavelength is dictated mainly by the lattice period and the background index λSLR ≈ nP5, 29. In
other words, the lattice configuration governs the presence of the SLR, and the nanostructure geometry dictates its coupling
efficiency to free space. Indeed, recent theoretical studies in this platform have shown Q-factors on the order of 103 by properly
selecting the dimensions of the individual nanostructures28, 30.
We reproduce this dependence in this platform explicitly by plotting the calculated transmission of a metasurface (see
Methods) as a function of nanostructure geometry (Fig. 2). (The dependence of the SLR behaviour on particle dimensions is
Fig. 2 | Coupling to a surface lattice resonance. The colors in parts (a) through (d) are consistent, corresponding to the same
type of nanoparticle. a, The imaginary part of the individual particle polarizability for various nanostructures with increasing
resonance wavelength λLSPR, holding both the oscillator strength A0 and the damping term γ fixed. b, Simulated broadband
transmission spectra for gold nanostructure arrays as a function of tuning λLSPR. By tuning the LSPR wavelength, the
extinction factor of the SLR is observed to change near λ = 1542 nm. While λLSPR changes dramatically, the SLR wavelength
λSLR does not change much. c, Zoomed in plot of the SLR in (b). d, The Q-factor of the surface lattice resonance as a function
of λLSPR for various oscillator strengths A0. The optimal LSPR wavelength for a high-Q SLR changes as a function of A0. The
squares indicate the Q values extracted from the curves in (c).
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also demonstrated using full-wave simulations in Sec. S1: Dependence of SLR behaviour on particle dimensions.) Here, we
hold the oscillator strength A0 and damping term γ constant and slowly increase the nanoparticle resonance wavelength λLSPR.
In Figs. 2b – c, the SLR wavelength does not change substantially from its location around λSLR = 1542 nm; however, the
extinction ratio ∆T and the linewidth ∆λ of the resonance change dramatically. In Fig. 2d, we plot the extracted Q-factors
for these SLRs, and for other values of A0, as well (see Sec. S2: Q-factor extraction for the fits). We find that for every given
value of A0, there is a corresponding λLSPR for which light couples optimally to the lattice resonance at λSLR and produces the
highest Q-factor. The optimal conditions are therefore found in the balance between increasing α relative to Py (i.e., increasing
coupling strength), and maintaining a large spectral gap between λLSPR and λSLR (i.e., limiting Ohmic losses associated with
metallic nanoparticles). The trade-off between coupling and loss is a traditional one for optical resonators and is reproduced in
the SLR-based metasurface platform34.
Next, we study the dependence of the Q-factor on the array size. For certain metasurfaces, it has already been predicted that
larger array sizes lead to better device performance35, 36. Indeed, a few theoretical works have suggested that increasing the
array size of a metasurface could be the dominant factor for increasing the Q-factor of an SLR28, 35. This dependence makes
some intuitive sense — since high-Q operation requires low absorption losses, we are required to operate the device far from the
LSPR. However, at a sufficiently far operating wavelength, the scattering cross-section is also small, resulting in each antenna
scattering very weakly. Consequently, far from the LSPR, one requires a sufficiently large number of scatterers to build up the
resonance. Equivalently, the standing wave mode in an SLR consists of counter-propagating surface waves; therefore, a larger
array provides an expanded propagation length in the cavity to support these modes.
To examine the dependence of Q on the number of nanostructures explicitly, we fabricated and characterized a series of
devices of increasing array size. Figure 3 shows the resulting transmission spectra, as well as their corresponding semi-analytic
predictions. The observed Q-factors increase monotonically as a function of array size (Fig. 3b – see Sec. S2: Q-factor extraction
for the fits). In the smallest array (300×300 µm2), the SLR is almost imperceptible. This trend might help explain the relatively
low Q values observed in previous studies9, 27, 28, 35 where array sizes were typically no larger than 250×250 µm2, likely due to
the relatively slow write-speed of the electron-beam lithography process necessary for fabrication16, 26. By contrast, our devices
have array sizes reaching up to 600×600 µm2 (see Sec. S3: Image of the device).
Fig. 3 | Effects of array size and spatial coherence of light source. a, Calculated and measured (using coherent and
incoherent sources) transmission spectra for identical metasurface arrays of varying size (from top to bottom: 300×300,
400×400, 500×500, and 600×600 µm2, respectively). The spectra are offset for clarity, and each vertical division
corresponds to an increment of ∆T = 0.2 in transmittance. b, The Q-factors extracted from Lorentzian fits to the calculations
and to the measurements shown in (a). An increase in the number of nanostructures in the array results in an increase in the
estimated Q-factors. Additionally, the observed Q-factor is globally larger for each array when measured using the coherent
source.
Finally, it is of critical importance to consider all aspects of the characterization system in order to get an accurate
measurement of the Q-factor. In particular, we have found that the spatial coherence of the probe beam was critical to obtaining
a clean measurement of the dip in transmission indicating a resonance. A spatially coherent beam, such as a laser, excites
every region of the metasurface in phase, producing a resonance feature that is both deeper and narrower compared to using
spatially incoherent source. Additionally, the higher-order modes of the lattice are more sensitive to angular variance in the
measurements, leading to broader peaks when using incoherent sources37. Furthermore, in our particular experiment, the
transmitted signal from our coherent supercontinuum source was both brighter and could also be better collimated than our
incoherent thermal source. Therefore, the light collected from the metasurface array could be isolated with a smaller pinhole
in the image plane, selecting the signal coming from nanostructures at the centre of the array with a more uniform collective
response.
In Fig. 3, we compare the performance of the metasurface when illuminated using different light sources: a broadband
supercontinuum laser (i.e., a well-collimated coherent source), and a tungsten-halogen lamp. The comparison between these
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measurements indicates that the Q increases with the coherence of the light source — using the thermal light source reduces the
Q-factor by a factor of 2–5 when compared to the laser. Additionally, it decreases the resonance coupling strength, as is evident
from the reduced extinction ratio of the SLRs. Figure 3b summarizes the Q-factors extracted from these measurements and
compares them to numerical predictions. Note that even when using an incoherent source, the largest array still produces a
very large Q-factor (Q∼ 1000). The observation of such a high Q using an incoherent source reinforces the validity of our
aforementioned metasurface design criteria — that is, the importance of the choice of nanostructure geometry and of the array
size.
The Q-factors for the type of device presented here could be further increased by considering larger arrays, or by further
optimizing the nanostructure dimensions — instead of rectangles, a more intricate nanostructure shape could tailor A0, λLSPR,
and γ more independently, or could increase coupling to more neighbouring particles using out-of-plane oscillations5. Finally,
the metasurface shown here can be combined with other established methods to enable multiple simultaneous resonances4, 38, 39.
To summarize, we have fabricated and experimentally demonstrated a plasmonic metasurface nanoresonator with an
unprecedentedly high Q-factor which is in excellent agreement with numerical predictions. To the best of our knowledge,
our work represents the first experimental demonstration of a high-Q plasmonic metasurface nanoresonator, presenting an
order-of-magnitude improvement over prior art (see Sec. S4: Literature survey). We have found that the observed Q-factor
obtained from an SLR may be limited by a poor choice of nanostructure dimensions, a small array size, or poor spatial coherence
of the source illumination; we hypothesize that one or many of these factors, and not necessarily the material absorption or
fabrication imperfections as has been proposed by others27, 28, may have been the cause for the low Q-factors reported ifn
previous experiments featuring SLRs. Additionally, our device follows simple design principles that can be easily expanded
upon to enable multiple resonances to fully tailor the transmission spectrum of a wavelength-scale surface. Our result highlights
the potential of SLR-based metasurfaces, and dramatically expands the capabilities of plasmonic nanoparticles for many optical
applications.
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Methods
Simulations
FDTD: Full-wave simulations were performed using a commercial three-dimensional finite-difference time-domain (3D-
FDTD) solver. A single unit cell was simulated using periodic boundary conditions in the in-plane dimensions and perfectly
matched layers in the out-of-plane dimension. The structures were modelled using fully dispersive optical material properties for
silica1 and for gold2. Minimal artificial absorption (Im(n)∼10−4) was added to the background medium to reduce numerical
divergences.
LSA: The lattice sum approach (LSA) is a variant of the discrete-dipole approximation (DDA) method3. It is a semi-analytic
calculation method that has been found to produce accurate results for plasmonic arrays4–6. The main assumption in LSA when
compared to DDA is that of an infinite array of identical dipoles5. It has the capability to model finite-sized arrays with an
arbitrary number of nanostructures. Its rapid simulation time makes it a good tool for iterating many simulations to study trends
and behaviours of entire metasurfaces, especially for finite array effects.
Using the LSA approach, the dipole moment ~p of any particle in the array is written as
~p=
ε0α(ω)~Einc
1− ε0α(ω)S(ω) ≡ ε0α
∗(ω)~Einc, (3)
where the effect of inter-particle coupling is incorporated in the lattice sum S, and α∗ is the effective polarizability. This
equation produces Eq. (2) in the main text. The calculations presented in this work also incorporate a modified long-wavelength
correction7:
α(ω)→ α(ω)
1− 23 ik3α(ω)− k
2
l α(ω)
, (4)
where k is the wavenumber in the background medium k = (2pin/λ ) and l is the effective particle radius. Also here, minimal
artificial absorption (Im(n) = 6× 10−4) was added to the refractive index n = 1.452 of the background medium to reduce
numerical divergences associated with the approach when considering large arrays6. We set l = 180 nm for all calculations. For
a planar array of N dipoles, the lattice sum term S is
S(ω) =
N
∑
j=1
exp(ikr j)
ε0r j
[
k2+
(1− ikr j)(3cos2 θ j−1)
r2j
]
, (5)
where r j is the distance to the jth dipole, and θ j is the angle between~r j and the dipole moment ~p.
The optical transmission spectra can be obtained by using the optical theorem, Ext ∝ kIm(α∗)8:
T (ω) = 1− 4pik
PxPy
Im[α∗(ω)], (6)
where Px and Py are the lattice constants along the x and y dimensions, respectively.
To produce the plots in Figs. 1e – f, we performed an LSA calculation using the following parameters for the single
dipole: λLSPR = 780 nm; A0 = 3.46×10−7 m3/s, γ = 8.5×1013 s−1. LSA parameters were determined by matching to FDTD
data. The lattice constants were Px = 500 nm and Py = 1067.5 nm. The total array size was 600×600 µm2, corresponding to
Nx = 1200×Ny = 562 nanostructures, respectively. The LSA calculations in Fig. 3 used these same parameters, but varied the
total number of nanostructures.
To calculate the figures in Fig. 2a – c, we performed a series of LSA calculation using the following parameters for the
particle: A0 = 3.98×10−7 m3/s, γ = 1/[2pi(2.1 fs)]≈ 7.6×1013 s−1. The dipole resonance wavelengths λLSPR were 800, 833,
7
866, 900, 933, 966 and 1000 nm, respectively. The lattice constants were Px = 500 nm and Py = 1060 nm, respectively. The
total array size was 600×600 µm2, corresponding to Nx = 1200×Ny = 567 nanostructures, respectively. To obtain Fig. 2d, a
series of LSA calculations were performed for many values of λLSPR ranging from 800 nm to 1000 nm, and the Q-factors were
extracted from the results using a fit to a Lorentzian. The curves in (d) come from repeating this procedure with oscillator
strengths of A0 = 3.98×10−7, 4.38×10−7 and 4.77×10−7 m3/s.
Device details
We fabricated different metasurface devices with array sizes of 300×300 µm2, 400×400 µm2, 500×500 µm2, and 600×600 µm2,
with a corresponding number of participating nanostructures of 600×284, 800×378, 1000×472, and 1200×567, respectively.
The lattice constants of the rectangular arrays are Px = 500 nm × Py = 1060 nm. The dimensions of the rectangular gold
nanostructures are Lx = 130 nm × Ly = 200 nm, with a thickness of t = 20 nm. The lattice is embedded within a homogeneous
background n≈ 1.46.
Fabrication
The metasurfaces are fabricated using a standard metal lift-off process. We start with a fused silica substrate. We deposit a
silica undercladding layer using sputtering. We then define the pattern using electron-beam lithography in a positive tone
resist bi-layer with the help of a commercial conductive polymer. The mask was designed using shape-correction proximity
error correction9 to correct for corner rounding. Following development, a thin adhesion layer of chromium (0.2 nm thick) is
deposited using e-beam evaporation, followed by a layer of gold deposited using thermal evaporation. Lift-off is performed,
and a final protective silica cladding layer is deposited using sputtering. The initial and final silica layers are sputtered using the
same tool under the same conditions to ensure that the environment surrounding the metasurface is completely homogeneous.
Before characterization, the surface of the device is then covered in index-matching oil. The backside of the silica substrate is
coated with an anti-reflective coating to minimize substrate-related etalon fringes.
Characterization
See Sec. S5: Experimental setup for a schematic of the experimental setup.
Coherent light measurements: To measure the transmission spectra, we flood-illuminated all of the arrays in the sample
using a collimated light beam from a broadband supercontinuum laser source. The wavelength spectrum of the source ranges
from λ = 470 to 2400 nm. The beam comes from normal incidence along the z-direction with light polarized in the x-direction.
The incident polarization is controlled using a broadband linear polarizing filter. Light transmitted by the metasurface is then
imaged by a f = 35 mm lens, and a 100 µm pinhole is placed in the image plane to select the desired array. The transmitted
light is collected in a large core (400 µm) multimode fiber and analyzed using an optical spectrum analyzer, and is normalized
to a background trace of the substrate without gold nanostructures. The resolution of the spectrometer is set to 0.01 nm.
Incoherent light measurements: Here, the experiment goes as above, but the samples are excited using a collimated
tungsten-halogen light source (ranging from λ = 300 to 2600 nm) and a 400 µm pinhole.
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Supplementary Information
Below is the supplementary information for Ultra-high-Q resonances in plasmonic metasurfaces by M. Saad Bin-Alam, Orad
Reshef, Yaryna Mamchur, M. Zahirul Alam, Graham Carlow, Jeremy Upham, Brian T. Sullivan, Jean-Michel Ménard, Mikko J.
Huttunen, Robert W. Boyd, and Ksenia Dolgaleva. Section S1 shows the dependence of the SLR behaviour on the particle
geometry, produced using FDTD simulations. In Sec. S2, we present supporting material for Fig. 2d. In Sec. S3, we present
a representative image of a fabricated device. In Sec. S4, we present a literature survey for experimentally reported high-Q
metasurfaces. In Sec. S5, we describe our experimental setup.
S1 Dependence of SLR behaviour on particle dimensions
To explicitly demonstrate how changing the dimensions of the nanoparticle may affect the properties of the SLR, we perform
full-wave simulations in FDTD using a series of particle geometries. Figure S1 depicts the simulation results. Not only the
Q-factor, but also λSLR and the extinction ratio are all affected by changes in the particle dimensions.
Fig. S1 | Particle dimension sweep. Quality factor Q (left), resonant wavelength λSLR (center), and minimum transmission as
a function of particle dimensions Lx and Ly, extracted from full-wave simulations performed with FDTD.
S2 Q-factor extraction
Figure S2 shows Lorentzian fits (red curves) to a series of LSA calculations (black curves) with varying λLSPR (see Methods for
values). The Q-factors extracted from these fits are used to produce the black curves in Fig. 2d. In Fig. S3, we reproduce the fits
to the measurements that produced the values for Fig. 3b.
Fig. S2
S1
(a) (b)
Fig. S3
S3 Image of the device
Figure S4 shows a typical optical image for one of the devices taken with a bright field microscope. Surrounding the device are
large aluminum alignment marks to help locate the device in the experimental setup.
Fig. S4 | Optical image of a 600×600 µm2 array.
S4 Literature survey
Table 1 contains a short survey of the literature on metasurface nanocavities. Other than the reported Q-factors, we have
included, when available, information that is relevant to compare their work against ours, such as the operating wavelength, the
material platform, the array size and the type of light source used.
S2
Mechanism Q λ (nm) Material Light source Array size (µm2) Reference
SLR 2400 1550 Au NPs Supercontinuum 600×600 This work
LSPR <10 700 Au NPs Tungs.-Halogen lamp 3000×3000 ?
SLR 25 930 Au NPs Collimated source 135×135 ?
SLR 30 850 Au NPs Tungs.-Halogen lamp 3000×3000 ?
SLR 60 800 Au NPs Tungs.-Halogen lamp 35×35 26
SLR 150 764 Au NPs Tungs.-Halogen lamp N/A ?
SLR 230 900 Au NPs Laser ∼ 10000×10000 ?
SLR 300 1500 Au nanostripes Tungs.-Halogen lamp 300×100 15
SLR 330 648 Ag NPs Tungs.-Halogen lamp 2500×2500 16
Mirror Image 200 5000 ITO nanorods Collimated source N/A 37
EIT 483 1380 Si Tungs.-Halogen lamp 225×240 ?
Fano Resonance 65 THz Al Particles THz laser 10000×10000 ?
Fano Resonance 100 THz Au Assym. NPs FTIR 150×150 ?
Fano Resonance 350 1000 Si N/A N/A ?
Fano Resonance 600 1000 GaAs N/A N/A ?
BIC 2750 825 GaAs Laser 60×108 ?
Quasi-BIC 18511 1588.4 Si Laser 15×15 ?
Table 1. Summary of experimentally obtained Q-factors in metasurfaces. Q, quality-factor; λ , resonance wavelength; NP,
nanoparticle; SLR, surface lattice resonance; LSPR, localized surface plasmon resonance; EIT, electromagnetically induced
transparency, BIC, bound-state in the continuum
S5 Experimental setup
A broadband source is collimated and is polarized using a broadband linear polarizing filter. A first iris is optionally placed
to help align the sample in the center of the beam. The beam is then passed through the sample. The surface of the device is
imaged using an f = 35 mm lens, and a pinhole is placed in the image plane to select the desired array. The transmitted light is
collected in a large core (400 µm diameter) multimode fiber and is analyzed using an optical spectrum analyzer.
Fig. S5 | Experimental setup.
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